Purpose. To evaluate the effect of different loads on the stress-strain state of the freight car bogie side frame, as well as to evaluate the distribution of the stress fields in the design of the freight car bogie side frame supported through the horizontal surface and through the horizontal and inclined surfaces of the pedestal opening. Methodology. A volumetric finite element model of the side frame of ZK-1 bogie of the freight car was designed. The forces under the current regulatory documentation for theoretical research were applied to the model, the stress arising in the model elements were determined. The static tests of ZK-1 bogie side frame were conducted; they allowed determining the stresses in the key points of the frame under the action of forces in accordance with the existing procedure of static tests of the freight car bogie side frame. To check the quality of the finite element model we determined the stress in the model under the action of forces corresponding to the static requirements. The corresponding coefficients were determined to match the stress obtained through theoretical studies and static tests. The results of theoretical and experimental studies of stress for dangerous sections of the side frame design were compared. Findings. The regulatory documentation for carrying out experimental research of the side frame strength does not fully take into account the load acting on the frame during its operation and that provided while assessing the side frame strength theoretically. The strength evaluation of the side frame by the results of field tests only does not give a complete picture of the distribution of stress fields, as the provided sensor installation points do not cover most of the design elements with possible stress concentration. Originality. The loads applied to the side frame during theoretical and experimental studies were compared to the loads acting during operation. The impact of use of inclined surfaces in the pedestal box opening was evaluated. Practical value. The obtained results allow the more accurate assessment of the three-piece bogie side frame strength, as well as allow you to choose the more preferred method of side frame support in the axle box.
Introduction
The strength of new and upgraded designs of car elements is assessed using the experimental and theoretical studies. Each car element must pass these two stages, and for each of them there are developed regulations governing the load to be applied to the object during theoretical and experimental studies [3, 7, 8, 10] .
For freight car three-piece bogie side frame such documents are «Regulations for calculation and design of cars of 1520mm gauge railways of Ministry of Railways (non-self-propelled)» [8] for theoretical studies and «Bolsters and cast side frames of four-wheel bogie of freight cars for 1520 mm track. Methods of static strength tests» [7] for the experimental ones.
However, the loads under which the stressstrain state of the side frame is studied during theoretical and experimental studies differ in both value and place of application. And if the difference between the values of the existing loads can be compensated by appropriate co-coefficients, it is much more complicated to compensate the difference in places of load application, which leads to difficulties in comparing the results of experimental and theoretical studies.
Development of Ukrzaliznytsia rolling stock and that of the CIS countries in recent years is aimed at increasing the efficiency of cars, not only due to speeding up [6] , but also due to their higher carrying capacity by increasing the axle load from 23.5 ton/axle to 25 tons/axle [ 4, 5, 13, 18] .
Increased weight of transported cargo results in the need to strengthen the construction of the car body and undercarriage [1] . At the same time, the increase in car gross mass, along with the constant influence of static load, constantly acting on the bogie from the side of body and cargo, results in increased dynamic component, which occurs during car movement on the main tracks. That leads to the need for additional structural reinforcement of the bogie and its side frame as one of the elements [11] .
An alternative to increased strength of bogie components is reduced dynamic effects on the bogie during movement. This effect is achieved in various ways, such as: the use of a bilinear spring suspension at the central core stage, the improvement of friction pairs in the friction wedge-type shock absorber, installation of additional connections between the bogie side frames, etc. [2, 12, 15, 16, 17] .
One of the ways to reduce the dynamic component of the load acting on the side frame is to install the second suspension stage between bogie side frame and the wheelset axle box. This assembly is set with an elastic spring element, polyurethane, rubber or rubber-metal gasket. This element can receive and transmit further both exclusively vertical forces and vertical and horizontal forces.
If to take up the first ones, the horizontal support surfaces in the pedestal opening of the bogie side frame are enough, then to transmit the horizontal forces, it is necessary to provide for the presence of the elastic element between the vertical support surfaces. Realizing such a support way it is necessary to prevent from elastic element falling out of the space between the vertical support surfaces, by means of its additional fastening, which leads to complicated construction in the place of interaction of side frame and axle box. An alternative is to set the elastic elements on inclined surfaces for taking up the vertical and horizontal loads by one and the same elastic element. For this purpose, it is necessary to provide for appropriate support surfaces both of the axle box housing and in the pedestal opening or to use adapters. The second way is not effective, although it leads to increased side frame unification, but the presence of additional elements results in reduced work space in the pedestal opening and sizes of the elastic gasket.
The transition from boxes to the cassette type bearings and the axle box adapters allows abandoning the unified box housing and applying axle box adapters with different surfaces for side frame supporting.
The need for inclined support surfaces in the pedestal opening also involves changes in the bogie side frame, and transfer of the horizontal loads or most of them through the upper member of the pedestal opening leads to the redistribution of stresses in the side frame and the need of strengthening in the places not critical for frames with separate load transfer.
Purpose
The purpose of the work is to evaluate the effect of different loads on the stress-strain state of the freight car bogie side frame, as well as to evaluate the distribution of the stress fields in the design of the freight car bogie side frame supported through the horizontal surface and through the horizontal and inclined surfaces of the pedestal opening.
Methodology
The study was conducted for the side frame of the three-piece bogie of ZK-1 model made in China.
ZK-1 bogie side frame has the construction typical for three-piece bogie side frames -it consists of upper, lower, diagonal members and 2 columns. Support on wheelsets is through pedestal openings, the upper surface of which is 2-pitch with a horizontal platform in the middle. The central opening of the side frame houses a set of 9 2-row suspension springs. The friction shock absorber plates are mounted on the inner surface.
To evaluate the stress-strain state of the side frame the finite element model is developed. There are applied solid 10-unit elements with a characteristic edge size of 10 mm. Dimensions of the elements vary in model volume and decrease in the places of openings, radius transitions and other potential stress raisers. The element size is chosen so that its further change would have no effect on the calculation results. The modelling process first created the three-dimensional geometrical model ( Fig. 1) , which was automatically divided into three-dimensional finite elements (Fig. 2) . The resulting finite element model of the bogie has 664,705 elements, 1,789,864 units and 5,369,592 degrees of freedom.
For model material, the following values of the elastic constants of the material are assumed: Young's modulus E = 210 GPa, Poisson's ratio 0.27 v  . The calculation was performed in accordance with the «Regulations…» [8] , which state that the bogie side frame is subjected to the combination of vertical, side and longitudinal loads. Longitudinal loads are as follows: -Bogie mass inertia force, -Brake force, -Thrust force of friction wedges. These loads are grouped in six variants of loading that correspond to: a) the forces acting on the car during its collision with the train when breaking-up from a hump; b) the forces acting on the car in the middle of the train with braked front cars and not braked, approaching from the rear cars; c) the forces acting on the last car moving with the design speed in the train during adjusting braking at the beginning of the curved section; d) the forces acting on the last car moving with the design speed in the train during adjusting braking at the straight track section; e) the forces acting on the car moving with the design speed in the train during adjusting braking in a curve, with braked front cars and not braked, approaching from the rear cars; f) the forces acting on the car moving with the design speed in the train during adjusting braking in a curve.
The I design mode corresponds to the variants of loading a and b, III -c … f. Table 1 shows the values and points of origin of the maximum stress in the bogie side frame. Table 1 The maximum stresses in the bogie side frame, MPa This side frame also underwent the complex of static strength tests according to [7] . Tests were carried out on the territory of Qiqihar Railway Rolling Stock Co. Ltd. (PRC) on the testing machine ZDM 200Pu.
During the tests, the stresses occurring at the control points of the side frame due to five loading schemes were registered. For the side frames of the cars with 245 kN axle load there are the following values of the test loads and the places of their application:
1 -vertical load of 490 kN uniformly applied to support places of the central group springs;
2 -horizontal load of 147 kN applied on the outer side of the frame to one of the columns of the central spring opening;
3 -horizontal loads of 73.5 kN each applied on the outer side of the frame to both columns of the central spring opening;
4 -horizontal loads of 122 kN each applied to the friction plates of the central spring opening;
5 -horizontal loads of 66 kN each applied to the vertical surfaces of the pedestal opening.
To check the adequacy of the finite element model of the real side frame, the calculations were conducted, in which the finite element model was subjected to the loads similar to the experimental ones, and the calculation resulting stresses were compared with those obtained during the tests [14] . Figure 3 shows the control sections and the sensor installation location during the test. Comparison of calculation and test results for some check points is given in Table 2 .
As can be seen from Table 2 the results of theoretical studies are in good agreement with the test results, indicating the adequacy of the finite element model and the real side frame.
To compare the results of theoretical studies according to the «Regulations…» [8] and the experiment according to the method [7] , there were calculated the correlation coefficients of the loads applied during testing and load combinations that act on the side frame according to the «Regu-lations…». These coefficients are presented in Table 3 . The use of the coefficients shown in Table 3 Table 4 shows the stresses obtained at the check points during the theoretical study of stress-strain state of the side frame according to the «Regula-tions…» (denominator) and the ones resulting from conversion of the test results, taking into account the coefficients of Table 3 (numerator). Table 3 Load ratio during theoretical and experimental studies of the side frame As can be seen from Table 4 between the results of theoretical studies and the converted results of the experiment there is the large enough, sometimes more than 100%, discrepancy. For example, at III-2 section for the variants of loading a and b the experimental-converted stresses exceed the theoretical ones by 1.9 and 2.8 times, while for the variant of loading c they are almost equal. For the section ІІІ'-2, located symmetrically in relation to the vertical transverse plane, under the same variants of loading the experimental-converted stresses are 1.5 and 2.9 times below the theoretical ones. At the same time there are no significant differences between the sections under the action of individual components of the test load (see Table  2 ). This is due to the fact that the variants of loading a and b correspond to the I-calculation mode and the longitudinal load, taken into account in theoretical studies, is high enough for these variants. Simulation of action of bogie mass inertia force and brake force is not provided by the tests. When these forces are applied to one of the friction plate surfaces, the side frame thrusts against one pedestal opening with its inner vertical surface, while with its external surface in the other opening [9] . This causes not symmetrical loading of the side frame and leads to redistribution of stresses in the structure. It is not correct to replace the action of these forces with the test results when subjected to thrust loads in the central and the pedestal opening, since during such loadings the side frame section between the column and the pedestal opening practically does not work because there is no tensile or compressive load on it.
Also, the stress field distribution analysis revealed that the sensor location points on the bogie side frame given in [7] even though located in the most loaded sections, however, they often do not provide a complete picture of the maximum stress values arising in these sections. The stresses occurring in the check section or near it may exceed two or more times the value at the sensor location point (Fig. 4) .
To compare the stress distribution in the side frames with different support in axle box openings, we modelled also the side frame supported in axle box only through the horizontal surfaces similar to the bogie 18-100. Besides, the volume model was created for this side frame; it is shown in Figure 4 , as well as the finite element model (Fig. 5) . The solid 10-unit elements with a characteristic edge size of 10 mm were used. The resulting finite element model of the bogie has 812,400 elements 1,290,310 units and 3,870,930 degrees of freedom. Comparison of stress distribution in the side frames was carried out under the action of vertical load only, which corresponded to the first variant of loading during the test -490 kN load, applied evenly to the spring support places of the central spring group, as this load contributes the major component into the stress-strain state of the side frame.
Comparison of stresses in the side frames is shown in Table 5 . The presence of ramps in the section of transition from the inclined member to the upper member of the pedestal opening increased the cross-sectional area near the interior angle of the axle box opening, thus reducing the stress on this section. Also, it reduced stress in the area of process window and lower member, but increased their value in the lower angle of the central spring opening.
Findings
The strength evaluation of the three-piece bogie side frame when modelling loads during the field tests according to [7] does not consider in full the total load acting on the frame during its operation and provided for theoretical evaluation of the side frame strength [8] .
The strength evaluation of the side frame by the results of field tests only does not give a complete picture of the distribution of stress fields, as the provided sensor installation points according to [7] do not cover most of the design elements with possible stress concentration.
Application of the inclined support surfaces in axle box opening reduces stress in its interior angle.
Originality and practical value
The loads applied to the side frame during theoretical and experimental studies were compared to the loads acting during operation.
For the first time the impact of use of inclined surfaces in the pedestal box opening was evaluated.
The obtained results allow the more accurate assessment of the three-piece bogie side frame strength, as well as allow you to choose the more preferred method of side frame support in the axle box.
Conclusions
The documentation regulating the loads, which must be withstood by the side frames of freight car bogies, does not fully take into account the loads occurring during the car operation.
It is necessary to define more precisely the forces, acting in accordance with applicable regulatory documents, applied to the three-piece bogie side frame during the strength tests.
The strength evaluation of the side frame by the results of field tests only does not give a complete picture of the distribution of stress fields in the structure.
Inclined surfaces in axle box opening in the area of interior angle are more preferable than the horizontal ones.
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МІЦНІСТЬ БІЧНОЇ РАМИ ТРЬОХЕЛЕМЕНТНОГО ВІЗКА
Мета. У науковій роботі передбачається оцінити вплив різних навантажень на напружено-деформований стан бічної рами візка вантажного вагона, а також розподіл полів напружень у конструкції бічної рами візка вантажного вагона, що спирається через горизонтальні поверхні, та через горизонтальні й похилі поверхні щелепного отвору. Методика. Розроблена об'ємна скінченно-елементна модель бічної рами візка ZK-1 ван-тажного вагона. До моделі прикладені сили відповідно до чинної нормативної документації на теоретичні дослідження, визначені напруження, що виникають в елементах моделі. Проведено статичні випробування бічної рами візка моделі ZK-1, при яких визначені напруження, що виникають у ключових точках рами при дії сил згідно з існуючою методикою статичних випробувань бічних рам візків вантажних вагонів. Для пере-вірки якості скінченно-елементної моделі визначена напруга в ній при дії сил, відповідних статичним ви-пробуванням. Для узгодження напружень, отриманих при теоретичних дослідженнях, і статичних випробу-вань визначені відповідні коефіцієнти. Проведено порівняння результатів теоретичних та експерименталь-них досліджень напружень у конструкції бічної рами для її небезпечних перетинів. Результати. Нормативна документація на проведення експериментальних досліджень міцності бічних рам не враховує повною мірою навантаження, що діють на раму під час її експлуатації, та передбачену теоретичним шляхом міцність біч-них рам. Оцінка міцності бічних рам за результатами тільки натурних випробувань не дає повної картини розподілу полів напружень, бо передбачені місця встановлення датчиків не охоплюють більшості елементів конструкції, де можлива концентрація напружень. Наукова новизна. Автором проведено порівняння наван-тажень, що прикладаються до бічної рами при теоретичних та експериментальних дослідженнях, із наван-таженнями, що діють в експлуатації. Визначена оцінка впливу застосування похилих поверхонь у буксових отворах. Практична значимість. Отримані результати дозволяють більш точно оцінювати міцність бічної рами трьохелементного візка, а також вибрати кращий спосіб спирання бічної рами в буксових вузлах.
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